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Introduction 


0. Introduction 


This Progress Report describes the work which has 
been perfo’med during the past six months under NASA Grant 
NAGW-397. Portions of the work are also being performed under 
Grant NAG5-626; tasks covered under both grants are described 
in this report. 

Our current effort has been directed toward completion 
of the telescope assembly design, procurement of major components 
and coordination of the optical fabrication and X-ray multilayer 
testing with personnel at IBM. In addition to the work specilicaJ- 
ly mentioned in the body of this report, we have also: 

(i) begun fabrication of the flight prefilters; 

(ii) completed mirror assembly components; 

(iii) completed a Project Initiation Conference (PIC) at 
the Wallops Flight Facility; 

(iv) designed and ordered components for a small, low- 
cost Ha camera to provide real time imaging of Solar 
activity during the flight; 

(v) set up a conjugate image experiment whose goal is 
test the image quality of the NIXT PrototySpe mirror 
at the sub-arcsecond level. 


NIXT Rocket Payload Engineering Studies 


a. Calculated Weights NIXT Program 


NIXT P RCKiRAM 
gAItCULATJilfi 


NOTE: These are the calculated weights to date and will be updated 

over life of program, * is an estimated value. 


PART NAME 

PART WEIGHT 

QTY/REQ'D 

TOTAL WEIGHT 

PRIMARY MIRROR 

14.85 TOTAL 

J. 

14.85 

INVAR BASE PJ.ATE 

30.28 

1 

30,28 

MOUNTING BOLTS 

.13 

3 

,39 

SPHERICAL MACOR WASHERS .03 

3 DUPLEX SETS 

.18 

TELESCOPE TUBE 

15.52 

1 

15.52 

CAMERA BASE RING* 

4,63 

1 

4.63 

CAMERA TUBE* 

3.0 

1 

3.00 

CAMERA MTG.* 

1.0 

1 

1.00 

TELESCOPE TUBE FLANGE 

8.52 


8.52 

SECONDARY ASSY 

MIRROR 

.34 

1 


SHAFT 

.15 

1 


PIVOT 

.34 

1 


PLATE ADJ, 

,1 

i 


NUT CLAMP 

.01 

1 


SPRING 

.001 

1 


NUT 

.02 

1 


BLADES 

.1 

6 


MAIN RING 

.81 

1 


MTG'S 

SECONDARY ASSY WEIGHT 

.08 

3 

2,61 

SECONDARY MOUNT 

.15 

3 

.45 

PWD CABLE 

1,00 

1 

1.00 

LISS MOUNT 

.29 

1 

.29 

LISS SDN SENSOR 

,45 

1 

.46 

MASS MOUNT 

,19 

1 

.19 

MASS SDN SENSOR 

.09 

1 

.09 

UPPER HEAT SHIELD 

8.84 

1 

8.84 

LOWER HEAT SHIELD 
WEIGHT HEAT SHIEI.D 

7.83 

1 

7.83 

ISOLATORS 

VARIES 

9 

.58 

BASE HEAT SHIELD MTG. 

.06 

3 

.18 

FILTER 

3.41 


3.41 


Temperature Gradients 


HEf^ORANDUM 


OF 

TO; {L.Golubr G.Nystroin 
FROM: D.Boyd 
SUBJECT: Temperature Gradients in NIXT MirKors 
CC; L, Cohen, B.Dias (memo only) 


18 September .1984 
DAn*-04-O?3 


If the NIXT filters are placed at tne riK.» a tl,*' ;.i,l',scopc, ajxC'Wi'-.,, 
the mirrors to be illuminsted by the sun, i; httv^ “a Sr,; ute.! t!*.; 

refultinQ temperature ijrarHtnt.'; in th'; rr,i‘’t*'>'“ ,>/■ ' . i v> i;r* t 
deformations of about ojiO arcseoond jn c-'JC'i * ’Siqxneering 

oheetF. bearing the calculntion.o are attached, i outline below the 
assumptions and a few caveats ot> the results. 

Mirror siaes were scaled from the telescope layout. 

Primary reflectivity = 0 for calculating heating of the primary 

=0,2 for determining input to the secondary 
Secondary reflectivity =0, concentration ratio = 15 
(These assumptions result in answers that are about 20% high if the 
true reflectivity =0.2. Secondary deformation is roughly proportional 
to primary reflectivity, but probably will not be acceptable unless 
this reflectivity << 0.1) 

Coefficient of expansion for the Zerodur blanks = -O.lppm/C 
(this value was obtained from Lester Cohen) 

Front-back delta-T in primary = 15C at the end of 300 seconds, 
y.ielding deformation of 0.8 arc second. 

Front-back delta-T in secondary = 22C at the end of 300 seconds, 
yielding deformation of 0.9 arcsecond. 

The temperature gradients were also assumed to be linear through the 
glass for calculation of deformation; this gives answers that are larger 
than normal but probably not by as much as a factor of two. The most 
favorable assumptions and accurate calculations possible would probably 
reduce deformations by as much as a factor of two, which would still be 
quite large, so additional analysis of this subject, does not appear 
necessary. 


Prefilter Survival Tests 


TO: 

David Boyd 
Leon Golub 
George dystrum 

OF POCn QurJ. .V 1 

FROM: 

Pefcr.£ cJieimets 


DATE t 

June 12, 1984 


SUBJECT: 

Results of Test of 

Filter Survival 


in a memc dated March 5, 1984 I proposed a test to dcitermine if the NIXT 
pre-filters V7ould survive direct exposure to on solar constant in a vacuum. 
That best, slightly modified, was performed this morning. The filter that 
only had a dag coating melted almost immediately while the aluminum ooafcod 
filter survived two exposures to radiation level near that of the sun for 5 
seconds each. 


Test Descriptioni 


The apparatus was idontica] to that described in the March 3rcl l emo 
precedurc was slightly different, t'i.rst the.- Inmo'f 'adiation oetput. 

.,i ur., 
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the radirt' icr 
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was meanuied using the induced hemp'^rnt .rc char ;'* i" 
cone. The integrated erimittod rndiahlon ir-n f;,. hi 
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The aluminized filter was then mountad in the boil jar at a ncroLrav ion 
of 9.2 Inches a distance that would yield a flux of half the solar 
constant. The filter was exposed for about 3 seconds. One part of the 
filter that was not covered with aluminum did start to melt the remaindei 
of the filter was intact. The filter was then moved to a spacing or 6,5 
inch, the flaw covered and the light turned on. Tho filter survivcid two 5 
second exposures with no further visible effect. 


Suggestions: 


I would suggest that as the filter making nrocedure gets more advanced 
and we began to turn out flight quality filter we rovuri this test. Then 
the flight filter (s) should be tested here and at C'Oddard. In the Goddard 
test I suggest a full 5 minute exposure to radiation whose spectral content 
is the same as the sun. 


$ 


TO: 

Distribution 


FWOM; 

P . CllEIMllTS 

.» * / 

. r « 

DATl.': 

SEPTEMBER 26, 

1934 

DUBJEiCT: 

Results of KIXT filter Tent 


o!^iainj.L 
on POOR Qu,\i 


I ^ 


Pour filtei’ii resembling those that will be flo\7n on the NIXT rocket 
experiment were tested in a solar simulator. All four filters wlthstooo 
2 solar constants, those that were exposed to a radiation level equal to 
4 times that of the sun were melted instantly. 

The solar simulator consisting of a 550 watt bulb and a stand to support 
the filters was placed in a vacuum chamber. The filters were placed at 
various distances from the lamp. The first two filters v/ete tested at 
9,5 inches, fi. 6" ,4.6” ,3 .75" and 3.25" and exposed for 3 seconds. This 
corresponds to .5, 1,2, 3, 4 times solar equivalent radiation flux level 
(Cs) respectively. The two filters each had an aluminized surface 
facing the lamp and a graphite coated surface facing away. One of the 
filters was cut by accident during handling. In spite of this the cut 
filter survived all the exposures until 3.75". The uncut filter melted 
at 3.25" (4:iCS). 

A third filter prepared the same way was exposed to the lamp at 3,25" 
(4XCs’> and melted j ninied lately . 

Finally a fourth filler, this one with both sides cjraphifced and one side 
aluminized, was tested. It was exposed at 6. 6", 5, 5" (l.SXCs) and 4,6" 
each for 3 seconds. The filter survived all exposures. 

Those methods of preparation seem adequate to assure that the filters 
will survive direct exposure tn the sun. A few filters should be made 
in the flight fr^.mes and tested. There appears to be a strain level 
dependence in the melting temperature. If these survive, and there 
seems little doubt that they will, the flight filters should be made, 
tested here to at least. l.SXCs and then tested in the MASA solar Simula- 
tor for 3.50 seconds, the mission duration. 


Distribution: 

David Boyd 
Bruce Dias 
Jolin Gerdes 

I Leon Golub 

George Nystrom 


2. Vibration Test Specifications and Bonding Procedures 


TO; 

George Nystrom 



Leon Golub 
Lester Cohen 

OF FOOri / 

FROM : 

Peter Cheimets 


DATE: 

July 19,1984 


SUBJECT: 

Vibration Specification 

for Nixt Primary Mirror 


SCOPE: 

Thin specification describes the test procedure of the NIXT 
primary mirror assembly in vibration loads resembling those expected 
during launch. The. test, setup, required equipment, personnel and 
reported data are outlined. 

TEST ARTICLE: 

The mirror ring (NIXT-IOOO) with a flat mirror blank bonded in 
place will be subjected to vibration loads described in table 1. 

These conditions are suggested by NASA for "prototype” testing of 
designs intended to be launched using a Black Brant motor. The 
components that will be tested are the mirror ring, mirror blank, 
epoxy bond, and the mounting scheme, 

TEST SET-UP: 

The mirror/ring will be mounted, by moans of an adapter, to the 
shake table (see figure 1), The adapter will bo provided by SAC, It 
will be bolted to the 16 inch boit oiicJe O t i.’oe Llmke tabie using 
bolts torqued to a minimum of .lb ft-lb, ihe mitji r asnerubly will he 
mounted to the adapter with standoffs. The mirror mounting bolts v.ill 
be torqued to between 14 -16 ft-lbs, A control three-axis 
accelerometer will be mounted to the r'adapter and a second three-axis 
accelerometer will be mounted to the edge of the niirror, The Z or 
thrust and one cross axis will be tested in this v,’ay {see fig 2 ) , 

REQUIRED EQUIPMENT; 

This test will require; 

1) Torque wrench, 

2) Two 3-axis accelerometers with signal conditioning electronics 
and recording devices for each channel, 

3) An adapter plate supplied by SAG. 


TEST SEQUENCE: 


1) Sine sweep Z-Z, 

2) Random Z-Z , 

3) sine sweep cross axiSf 

4) Random cross axis, 

EXAMINATION, DURING TEST: 

The assembly will be thoroughly examined betv^een tests to 
determine if the mounting bolts have loosened, the adhesive weaked or 
tha mirror cracked. Any uri^ual changes wiJ.l bo noted before 
proceeding. 

EXAMINATION, POST TEST: 

Visual examination of all the components for signs of 
deterioration due to the vibration loads. The ring and blank will 
then be wrapped to protect the surfaces, boxed for transport back to 
IBM, 


TEST REPORT; 

The test report shtould include: 

1) The output of the three-axis accelerometers from both the sine 
sweep and the random vibration tests; 

2) Graphs of the frequency content of the random vibration tests; 

3) Present engineering judgement of the success or failure of the 
design, any recommendations and calculations. 






ORiGfNAL PASS m' 
OF POOR QUALITY 


;t; o o r-i 

•*-‘ ' *-*. r>i i 


•3 •*• 

I-** 


O 01 

r< M 01 

o 3 ^ 
'4 j .S W 

rt CO ., 


O Cl 
t,i CO I 


'• 'd i’. 


c: I Cl o 


r. 



r 

* 1 






, ' ' 




’ 

i; 

V 








u 



<-* 


...• 




• 

' t 


o 




1 








Vj 




71 

1 . 

r« 

.■»* 

♦ 

■ * 7 . 



c 



w 



vl 

( 

(M ' 

• ♦ 

»JU 

r- 1 

*r * ' 

V 

t> 

he to 


cl 

\ 

3 

1 

* J 

’0 

r' 

1 c. 
‘ 1 

•■y - 

7 - 

o 

n o 

tXi 


Z) 

u 




(■ 1 

'■' Cl 

**> 

rA 

r-< id 

O 


V) 

7 * 

in 

U 5 

d 

W V.’ 

*r* ij 


c; 

r*i 

H rH 

C? 

p 

o 


CO 

“• J 

D 


O 


4 i 

*i -H 

•H 

f /5 

CJ 


OJ 

^ZJ 

</■ 

O 




N 

K *j 
to bn< 


p ^ « 

PI o S 3:; ^ w 

»H r-l T) .:i'^ w ^ 

in I ^ 


“ *N. “1 CO 

ISO I “^''bO ” ■*■• 

o ^, “• CJ m 

,.' o P p 


t~ rH O 
eo => (g) '-I 
O O 


o 

^ ^ ® ® 
S3 o o o 

rH OO CM 
T}< TH I I 

CVJ t O O 
I 1-4 O 
lO CO pH 00 


U 

01 

in 

^ ho 
cn -^o 
id 

Irt lO IH 
•H -Ji H H 


<u *F 
P- y 

r-^ 

4 -> 

O O 

0 o 

•* >-< M 
U CL CL 

1 I 
« V) 


r; > t::; 

i;') -3 
u CO w •( 


In '■ 

n- c3 ■■' Cl 


;i ■=< i£4) '.’ I 
»-* o o 


6 / 1/75 

♦Note: BaJanoe is not required for prototype (non-flight) models. For protoilight me i-I:?. ;_• - flight r'.cceptance bslance 
specification 

♦♦Note; Ccuibined static ar-d dynamic unbalance must be plottable within the rectaiielc v.-h'i . *cas are the specified values. 















TO: 

Distribution 


FROM: 

Peter Cheimets f 

1^' 

DATE; 

August, 1984 


SUBJECT; 

Report of Bonding and Test a Mirror Blank 
for NIXT 


Scope: 

This memo describes the procedures used in bonding a mirror blank into 
the NIXT flight base ring and the testing of this subassembly of the 
NIXT telescope. It also presents the results of those tests and dis- 
cusses planned future actions. 

Pre Bond Test: 

The optical flat was polished by IBM. We measured it in their ZYGO 
interferometer. The plate measured out to be flat to a 1/50 th of a wave 
RMS. The fringe lines were straight and evenly spaced for all of the 
central portion of the optic. The mirrors thickness was measured at 
46.61 mm. 

Bonding: 

The blank and ring were scrubbed with acetone at the bond locations. 

The blank was then set on a stone surface plate with a sheet of plastic 
between it and the plate. Three Job block stacks each 10.60 mm high 
were placed at 120 degrees around the mirror to support the ring (See 
fig 1.) . This height brought the center point of the ring, and thus the 
center of the bond, in line with the center point of the mirror. Care 
was taken so that the block did not sit on a wrinkle in the plastic or 
under a hole in the ring and thus .tip the plane of the ring. The loca- 
tions of the job blocks were then marked on the ring. 

The epoxy (HYSOL 9313) was mixed in two batches, the extra for spare. 

It was de-gassed somewhat less than adequately as a good vacuum jar was 
not available at IBM. The epoxy was then let to stand for about 1.25 
hours to increase its viscosity. The epoxy was injected by means of a 
50 cc syringe into the three bond joints. The adhesive was observed 
through the flat to see that it filled, released the remaining bubbles 
and wetted the surface of the glass. This all seemed to go fine and 
there were only one or two bubbles visible in the bonds. The assembly 
was left on the surface table for a week before anything was moved to 
permit the epoxy to set up completely. 
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Post-Gluing Tests; 

A static strength test was performed by IBM. IBM placed about 200 lbs. 
of lead on the ring to determine if the epoxy had at least that much 
strength. This had no visible effect on the bond. The mounted optic 
was then put into the interferometer and the quality of the flat was 
measured again. The surface had noticeably deteriorated. It was about 
a l/20th of a wave surface. The class of the surface could be described 
as a dish though this could only be inferred. There was more marked 
distortion at the areas near the bond but there was visible change 
throughout the surface. 

Two biaxial strain gages were placed on the unpolished side of the 
mirror. They were placed on a radial line beginning at the center point 
of one of the gluing pads. One at the edge of the flat and the other at 
the center. They were aligned with each other and oriented such that 
one axis of each gage was parallel to the tangent of the flat at the 
bisected gluing pad (see fig 2) , The gages were tested and their output 
was found to be very lowr this was attributed to the thickness of the 
flat. 

The assembly, along with an adapter plate were brought to Stanford 
Technologies in Connecticut. Here the mirror/flat was tested per a 
shake spec written July 19, 1984. Basically the flat was given the 
vibration load suggested by NASA for all prototypes of payloads to be 
flown on a Black Brant missile. The test was performed on two axes, one 
perpendicular to the optical axis and along the radial line on which the 
strain gages were mounted, the other parallel to the optical axis. The 
assembly was to be given both a sine sweep from 5 to 2000 Hz and a 19.6 
g rms random shake in each axis. 
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Shake Tests: 

Cross Axis: 

The cross-axis was tested first. The adapter was bolted directly to the 
slide table. The ring was initially attached to the adapter by three 
screws with spherical washers above and below the plates (See Pig 3.) 
During the procedure some problems were encountered. The sine sweep 
showed a strong individual resonance at 1000 Hz. The quality of this 
singularity was so high that the shake table was an able to drive the 
specified g-level in that frequency range. The mounting arrangement was 
changed eliminating the spherical washers and bolting the ring directly 
to the adapter. This shifted the resonance up scale to 1800 Hz. The 
quality of this resonance was still too high for the slide table to 
drive. The frequency range was then truncated at 1800 Hz for both the 
sine and random vibration. Both test were performed with no visible 
deterioration in the bond and no large strains measured in the gages. 

Optical Axis; 

The mounting was then changed to shake along the optical axis. This was 
done by removing the slide table, rotating the shaker 90° and bolting 
the assembly directly to the shaker. The sine sweep in the optical axis 
showed a family of fairly strong resonances around 1000 Hz. These were 
not strong enough to hinder running the test as specified. When the 
random shake was run a distinct change in sound was observed in the 
start up segment of the test. The test proceeded with no further inci- 
dent. 
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Post Test: 

Examination of the glue joints after testing showed that two of them had 
partially parted taking some of the glass with them. The mirror was 
still soundly attached to the plate. The change in sound was attributed 
to this bond breakage. 

The flat was brought back to IBM and once again placed on the interfer- 
ometer. The quality of the surface was unchanged both in surface flat- 
ness and in shape. Review of the type of failure and the resonances 
measure indicate that an "oil can" mode was set up in the telescope ring 
causing high moment loads in epoxy. The loads tended to pull the adhe- 
sive away from the glass. The joint, thus relieved, could no longer 
transmit the high loads, yet could still support the shear force. In 
this way the assembly was able to hold together under later vibration 
loads. 

Future: 

The optical flat will be sawn out of the ring and photographed by IBM. 
This will give us a better view of the exact nature of the cracking in 
the glass. In the mean time we are reviewing possible mounting and 
bonding alternatives for the next pass. Lester is working up a number 
of models of these alternatives and we will make a list of candidate 
arrangements that should reduce both the likelihood of bond failure and 
distortion in the mirror. The methods under review each endeavor to 
create a bond that acts as a hinge when a moment is applied to the bond 
yet still supports shear loading. In this way we hope to create the 
bond arrangement that resulted by accident th5.s go around. 

Two approaches are; 

1) Notch the ring to create a cantilever (See fig 4a) and glue to the 
cantilever. The cantilever will be unable to pass large stresses 
to the glass as a movement is applied to the joint. 

2) Place a U-shaped piece of metal in the joint (See fig 4b) . The 
metal will flex if a moment is applied yet be fairly stiff for 
any shear loads. 


) 


'•4 


"j 
. i 

4 

I-' 


Distribution: 
G. Nystrom 
D, Boyd 
B. Dias 
L. Cohen 
L. Gol ub 
D. Goddard 
J. Gerdes 
Pile 











3. Hasselblad Camera Flight Qualification Tests 


r.Mtiionc ► 5\M 


TiiST REPORT No. 04003 


500 EL/M modified for Smithsonian Institution 

Project No . 60332 

Tested by Saab Space, Goteborg 


Participants: Claes MSrtensson SQM, Saab Space 

Stig Ekberg, Quality Dept, Hasselblad 
Leif Ahlning, Spec Appl Dept. - " - 


Append i x 

1. Test diagram 

2. First test I 

3. First test II 

4. Reinforcements made after the first test 
S . Second test 

6. Adjustments and reinforcements made after the second 
test 

7. Third test 

8. Adjustments made after the third test 
9-11. Diagram resonance searching 

12-13. Diagram shock 
14-17. Diagram sinusodial vibration 
18-23. Diagram random duration 
24 -25 . Ph oto 


1984-07-31 

Leif Ahlning/Special Applications Department 
LA/th 
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Adjustments and Reinforcements made after the first test 




OQTLUOIMS • SWeCiCN 


Date : 
Test: 
Magazine: 


Second test 

1984-06-13 

Shock 

70, weight 65^ g. 


First shock: The camera made an exposure 

directly after the shock. 
Otherwise 5 exposures OK. 

Second shock; The camera was blocked. 

The magnet arm had turned 
over to the wrong side of the 
release lever . 

The camera was repaired direct- 
ly. 

Third shock: The magazine shook itself loose 

from the camera body in the 
same Way as in the first test. 
The outer plate at the magazine 
was deformed . 
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Reinforcements jncJ adjustments after the second t e st 


Adjustments: The magnet arm was lengthened in order to 

restrain the type of blocking as in the 
second test. 

The outer plate at the magazine was rechanged. 


Re i nf orcement s : 
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ORIGfMA!. r 

OF ROOK ; ! . / 


Date : 

Test : 
Magaz me : 


Third lest 
1904-06.27 

Sinusodial vibration and shock 
70, weight, 654 g. 


Sinusodial vibration in 

y-direction: 5 exposures, 

all functions OK. 

Note: In this direction, in the first test the film 

wind rewinder and frame counter went out of order. 

Shock, ^wice: The camera made an exposure 

directly after both shocks. 
Otherwise all functions OK. 

The spring between outer plate 
and magazine support was de- 
formed . 

Comments: During the shock test one could 

see the magazine shaking in the 

direction as shown below. 



OdiHOHO %V«CULV- 


uKicir.. . 

OF POOU V 


8 . 


AcHustments made after third test 


The springs (13821) between outer plate and magazine support 
were rechanged . 
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Review of NIX*'! Electronic Design 


This memorandum together with the referenced drawings represents 
the current state of the NIX-T Electronic Design. The design utilizes 
a hardwired logic approach and the microprocessor serves only to 
facilitate programming of the exposure code sequence in the EEPROM and 
to output the proper exposure code in response to input from the 
hardwired logic. iUi alternate approach is to more fully utilize the 
microprocessor by implementing most of the logic in software. 

Primary scientific data is recorded on film which will be 
recovered from the rocket at the conclusion of the flight. 
Housekeeping data is transmitted to the ground over a telemetry link 
and stored on tape for post flight analysis. 

A telemetry command link from the ground to the rocket will 
provide four discrete commands that are used to generate the "ABORT" 
and "RESTART" signals. 


Electronics -System, Q ye ryJLew 

Drawing No. NlXT-203 shows the block diagram for the NIXT 
electronics. The command telemetry, data telemetry, telemetry 
interface, camera battery and electronics battery are shown as dotted 
blocks because these items are supplied by NASA. With the exception 
of the batteries, all of the NASA supplied items are located outside 
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the experiment package and the connections to them would be carried 
through hermetic connectors. The batteries are located within the 
experiment package inside a hermetically sealed container to avoid any 
out-gassing problem. 

While the rocket is on' the -groundp an umbilical connection 
provides the following lines to the experiment package; 

1* Battery Charge, - provides direct current for the purpose of 
charging both batteries in the experiment package. 

2. Light Test, - provide excitation for the test light source 
which is used prior to launch to check the operation of the 
light sensor. 

3. Camera Test, - contact closure operates camera shutter in an 
open-and-close fashion 'on alternate contact closures. 

4. ES-232REC. and. RS-232XMT., - provide two-way communication 
to the microprocessor in the programmable sequencer. 

5. Clock Start, - contact closure to generate master reset or to 
start the experiment clock . Normally the experiment clock 
will be started 30 to 60 seconds prior to lift-off. At this 
same time a master reset pulse places the control flip/flops 
and counters in their inactive state and initializes the 
programmable sequencer to the first exposure code. 

Following lift-off, the sun acquired signal from SPARCS (Solar 
Pointed Aerobee Rocket Control System) is continuously monitored. 
When sun acquired goes true (contact closure) the automatic sequence 
of exposures is enabled. In the event that sun acquired does not go 
true prior to "N" sec (N might typically be 320 seconds, 30 prior to 
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launch + 3)SQ post launch) r the automatic sequence will be enabled 
regardless. Once the sequence is enabled, the state of sun acquired 
is immaterial. Detailed description of the control logic is discussed 
later when the operation of the cycle control, exposure timer and 
programmable sequencer are described. 

Housekeeping data is transmitted to the ground over a data 
telemetry link operating at 1 megabits per second. Each word is 10 
bits^n length, a subframe consists of 32 words and a frame contains 
32 subframes. OJhus, there i^'a totaL_qf__10,240 bits per frame, the 
frame time is 10,24 milliseconds and the subframe'''tims-.J^ 
milliseconds. Since time is recorded at the start of each subframe, 
our time accuracy will be 0,32 millseconds. Digital data utilizes all 
10 bits of a word. 2Uialog data is converted to digital form in a 9 
bit successive approximation analog-to-digital converter and output as 
the first 9 bits of a word. Odd parity is calculated on these 9 bits 
and is output as the tenth bit. 

The NIX-T housekeeping data will consist of 3 digital words and 
18 analog words as summarized below. 

Digital Word #1 - Frame No. 

Digital word #2 - Exposure Time to 0.2% accuracy. 

Count of 500 = 100% of nominal exposure time. 

Digital Word #3 - Status • 

Bit 0 - shutter, 0 = closed, 1 « open 

Bit 1 - Lift-off, 0 = pre lift-off, 1 - post lift-off 

Bit 2 - sun Acquired, 0= false, 1 = true 

Bit 3 - Restart, 0 = not activated, 1 = activated 

Bit 4— Abort, 0 = not activated, 1 = activated 

Bit 5 - Not used 


-:4;- 

Bit 6 thru bit 9 - Exposure Code 
Analog Word #1 - Light Sensor Level 
Analog Word #2 thru #4-3 Axis Accelerometer 
Analog Word #5 - Pressure Sensor 
Analog Word #6 - Camera Current Monitor 
Analog Word #7 thru #12 - Temperature Sensors (6) 

Analog Word #13 thru #16 - Circuit Voltage Monitors (4) 
Analog Word #17 & #18 - Battery Voltages 
Each of the Analog inputs must be limited to the range of 0 to 5 
volts. 

.Elec tnonics. System .. Operation 

The normal mode oF operation. involves a series of preprogrammed 
exposure times that occur automatically once thF'sXnr-acquired signal 
goes true or the ”N" second timer runs out. Drawing NO. NIXT-206 
shows the control logic flow diagram. In addition to the normal mode 
of programmed exposure times, the system responds to a "RESTART" 
command and an "ABORT" command. 

The RESTART command terminates an exposure in progress by closing 
the shutter and advancing the film. However, the exposure code 
remains unchanged and a new exposure is started with the same exposure 
time as the exposure that was interrupted. 

The ABORT command locks out the automatic programmed exposure 
sequence and control of the shutter is in an open-close mode 
controlled by successive ABORT commands. Thus, once the ABORT command 
has been issued, all subsequent operation of the camera is essentially 
"manual" via the ABORT command. 


The key subsystems in the automatic operation of the camera are: 

1. Experiment Clock Drawing No. NIXT-207 

2. Cycle Control Drawing No. NIXT-205 

3. Programmable Sequencer Drawing No. NIXT-204 

4. Exposure Timer Drawing No. NIXT-208 

The referenced drawings show functional diagrams for each of the 
units. 

The ex periment clock utilizes a 1 MHz crystal oscillator followed 
by two cascaded decade dividers to produce a 10 KHz clock signal. A 
clock start input (momentary contact closure) is routed to the 
experiment clock circuit through the umbilical connector. This clock 
start input serves the dual purpose of generating a master reset pulse 
and opening a clock gate to allow the 10 KHz clock signal to be output 
to the cycle control and exposure timer subsystems. A single 
momentary clock start contact closure generates master reset and opens 
the clock gate. Two momentary clock start contact closures , with the 
2nd closure occurr-ing, within the time of the delay gate (say, 3 
seconds), stops the 10 KHz output and generates master reset. Drawing 
No. NIXT-207 shows the logic circuitry required . for the 'experiment^ 
clock and also shows typical timing waveforms. 

The c ycle control circuit provides a shutter gate signal that 
determines the time during which the camera shutter is commanded open. 
Drawing No. NIXT-205 shows the circuitry required in the cycle 
control subsystem. The master reset pulse clears all counters and 
resets all flip/ flops. The lOKHz signal from the experiment clock is 
divided down to 1 Hz by four cascaded decade dividers. This 1 Hz 
signal provides synchronization for the start of each exposure in the 
automatic sequence and also drives a divide by N counter chain. (9hen 
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either sun acquired goes true (contact closure) or the divide by N 
counter overflows/ the sequence enable flip/flop is triggered and the 
next lo-to-hi transition of the 1 Hz signal triggers the shutter gate 
flip/ flop which in turn triggers the exposure start flip/flop. At the 
end of the exposure time (as determined in the exposure timer 
subsystem) / exposure stop goes hi and resets the shutter gate 
flip/flop which then triggers the cycle reset flip/flop thru a HAND 
gate. Cycle reset occurs on the next 1 Hz pulse following the 
triggering of the cycle reset flip/flop. The cycle reset and exposure 
start flip/flops are reset by the cycle reset pulse through an RC 
delay* Cycle reset is also Used to reset the shutter gate and RESTART 
flip/flops and to generate the increment input required by the 
programmable sequencer. When a RESTART input triggers the RESTART 
flip/flop/ the increment output is disabled and the cycle reset 
flip/flop is triggered thus resetting the cycle control for a new 
exposure but maintaining the current exposure time. When an ABORT 
input triggers the control select flip/flop / the shutter gate is 
derived from the state of the test/abort flip/flop. The test/abort 
flip/ flop is a divide by two circuit that switches logic level on 
successive clock inputs. The clock input is obtained either from the 
ABORT signal or from a camera test input (contact closure) that is 
routed to the^ysle control subsystem through the umbilical connector. 
Camera test allows check out of the camera shutter/film advance 
operation prior to launch. 



A sample cycle control timing diagram is shown in drawing No. 
NlXT-210. Noi.e that the 1 Hz signal synchronizes the exposure start 
and cycle resot and that a 1 to 2 second period is provided for film 
advance between exposures. 

The ,exp(; pure timer subsystemr shown in drawing No NIXT-208, 
utilizes a series of decade dividers and a divide by three circuit to 
derive an exposure clock signal whose period is 0,001 of the desired 
exposure time. The 10 KHz signal from the experiment clock is fed 
thru an AND gate to four cascaded decade counters that provide outputs 
of 1 KHSr 100 Hz, 10 Hz, and 1 Hz, The control signal for the AND 
gate is the exposure start signal generated in the cycle control 
circuit. When the exposure start signal goes hi, the 10 KHz, 1 KHz, 
100 Hz, MO Hz, and 1 Hz signals will be present on the 0 through 4 
input lines of a 1 of 8 data select circuit. The selection is 
controlled by the three hi bits of the exposure code. The exposure 
code is a four bit input- that comes from the programmable sequencer. 
The lowest bit of the exposure code is used to select either the 
direct output of the data select circuit or the output divided by 
three. 

Nine exposures times have been selected for use in the NIX-T 
system. The following table lists these exposure times along with the 
corresponding exposure clock rate and exposure code. 
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Exposure Time 

Exposure Clock Rate 

Exposure Code 

0.1 seconds 

10 KHz 

0000 

0.3 

3.333 KHz 

0001 

1.0 

1 KHz 

0010 

3.0 

333.3 Hz 

0011 

10.0 

100 Hz 

0100 

30.0 

33,33 Hz 

0101 

100.0 

10 HZ 

0110 

300.0 

3,333 Hz 

0111 

1000.0 

1 Hz 

1000 


The exposure clock signal is divided by 1000 in a chain of three 
cascaded decade counters to provide the exposure stop signal required 
by the cycle control subsystem. ‘ , 

The programmable ■ sequencer utilizes a microprocessor with an 
EEPROH as part of its memory to provide the capability of editing the 
stored exposure code sequence via an ES-232 link thru the umbilical 
connector. The microprocessor also responds to the master reset and 
the increment signal generated by the cycle control subsystem. Master 
reset initializes the microprocessor and places the first exposure 
code on the 4 bit parallel output to the exposure timer subsystem. 
Increment selects the next exposure code and places it on the 4 bit 
parallel output. 

A line driver and receiver circuit is required to interface the 
RS-232 lines to the umbilical connector and approximately 900 feet of 
cable from the launch pad to the block house, 

A shutter, ppen sensor . Utilizing an IR source and detector Will 
be used to determine when the camera shutter is actually open. The 
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output from the sensor will be used to advance the frame_counteg f 
serve as a gate for the exposure clock input to the .expp5mie^g Q unt_er : 
and activate bit zero in the 

The ex po5uge_oQunter functional diagram is shown in drawing No. 
NIXT-209. cascaded four bit binary counters are utilized to derive a 
10 bit output that represents actual shutter open time to a resolution 
of 0.2 percent. In other wordSf a count of 500 represents a shutter 
open time that is equal to the exposure time specified by the exposure 
code. 

The command decode subsystem accepts four contact closure inputs 
from the command telemetry and generates the ABORT and RESTART 
signals. A specific combination or sequence of the four commands will 
be required to generate these signals. 

The shutter, dr iv_e circuit accepts the shutter gate signal from 
the cycle control subsystemi* provides isolation (thru an 
opto-isolator) r and provides a low impedance "contact closure" to the 
camera shutter contacts. 

The camera . current .monitor circuit senses the total current drawn 
by the camera and presents this (thru an opto-isolator) to one of the 
analog inputs to the data telemetry. The camera current monitor 
circuit also includes a DG-to~DC converter to reduce the 24 volt 
battery voltage to the 6 volt level required by the camera. 

The power distribution subsystem utilizes DC-to-DC converters to 
transpose the battery voltage to the voltage levels of +5 volts and + 
15 volts required by the electronics. Also included in the power 
distribution is the filtering and decoupling required to maintain 
"clean" voltage supply to all circuits. 
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A ^j Lyolfe^pQwer_supp l y is sho\«i on the electronics system block 
to cover the case where an avalanche type photodiode is used as the 
light sensor. 

In addition to the light sensorr the system includes a 
press ure, sensor , a ,3— a.Kis-.aq..o.eIeroin.e,t,e.r. and several 
hem perafeure, sensors . 

future, D.egjgn .Efforfc 

utilizing the functional diagrams it is now possible to generate 
a detailed design with specific components selected to pe.form each 
function. Based on the functional design it is estimated that the 
system will require approximately 60 integrated chip packages and 
should lend itself well to a layout utilizing 3 circuit boards. 

The GSE and/or special test equipment requirements for the 
electronics will have to -simulate the following interfaces. 

1. Umbilical 

2. smcs 

3. Command Telemetry 

4. Data Telemetry 

The degree of sophistication in the GSE required during testing of the 
system is probably a matter of economics. For instancer digital 
telemetry data could be checked using a simple array of LEDs and 
analog telemetry data could be checked with a digital voltmeter. 
Contact closures, as required for the command telemetry and SPARCS, 
could be simulated by switches. 


The umbilical lines will terminate in the GSB equipment that will 
be located in the block house at White Sands. This equipment will 
include a computer terminal (such as a VT-100) , a line driver and 
receivetf a battery charge supply, a variable power source (for the 
Light Test Source) , and momentary contact switches for camera test and 
clock start. 
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Reply to Attn ol 


NalionatAoronaulicsand ^ \ I5^ R /7\N T’®* 

Space Adminisiratiori OF POOi^ ^ lsW^£s^i 

Goddard Space FliQht Center 
Greenbell, Maryland 
2077t 


1040 July 20, 1034 

TO: Distribution 

FRO!)'i: 1040/Sounding Rocliet and Balloon Projects QffJ.ee 

SUBJIJOi’: Project Initiation I'bnference (PIC) on 27.09DUS - GoXub/SAO 


The suliject Eieeting was hold in tlie 3rd floor conference itxjrn in 
building E108 at the Wallops Fligtit Facility on July 13, 1034. Those 
attending were: 

NAME 


R. Windsor 
W. Gurldn 
W. Wallace 
R. Burns 
B. Bal lance 

F. Boykin 
J. Saiolinski 
R. Pless 

J. Gerdes 
H. Penfield 

G. Nj'stran 
L. Golub 
T» laugjhlin 

K. Zimaer 

Experiinent 

The experinientrr prepaa'od mid distributed a handout outlining his 
tediniques mio lequireinents. Dr. Golub plans to build and fly a new 
concept In .1 ray imaging tliat is called a "Itoiml Incidence X-Ray 
Telescope (N!XT). This telescope will lie used to obtain very Ijigh 
resolution '1-ray spectra from the sun. The data will be recorded on 
film using a specially ruggedised llosselh’jad for a film transport and 
shutter ass:mbly. A tentative exposuiti r-rxiuence is 75 seconds, 

2 seconds, 20 seconds, 1 stjamd. Still to detennlned is the 
altitude tliis sequence should start. Tlie P.I. has ixjqucsted tliat tlie 
skins lie onodizied and polisiiod to protect the film from heating prior 
to rec-ovory. In discussing the resolution it was detonained tliat a 
rig section would bti ixxiuii-od since ho iu looldng for 1/4 arc second 
stability. Thero will be a Calroc typo viicuuin door in tlie forward 
€>x]>orinx 2 nt. The vaeuiun i\xiuixonient will Ixj in tlie order of lxl(5^\ 


ORGANIZATION 

CSFC/1040 
TOT/1041 
TOT/1022.4 
TOF/1022.4 
WTF/1041.2 
WPF/1022.3 
TOF/1040 
• lVPP/1040 
SAO 
SAO 
SAO 
SAO 

Lnckheed 

Locldieed 


A. 


Fufara 

Si« jsjjisnlific instnoacnts will consist of; 

31# MuIiS"(lIX]Ih: Tlirea coalignod mirrors, each tuned to a selected 
BpecSsal lino^ 

HlDrr/Sfpectrograph with taajisinission grating (1000 Ip/ian at csntrance 
cjuortur:?) 

C^olutii>n of 1«5 EfTxa — .01 R resolution 

S# &r.a 5 r Polajlnoteri Jkdd ^ 45® reflection (Brewster angle) to obtain 
. '>£%C% polarissod images. 

2 tPeakC"-i3J of components and v/eights is contained in Attachment 1 and 
chart for the telescope is contained in Attachment 2, 

TID p*I. tMS asked ^or use of the Goddard solar constant facility for 
cal.-hi’atlcn 6 months prior to launch. 

JSxperxr.iGntor Action 

I# Provide compreliensive and minimum success cilteria, i.e., number of 
exposures time above altitude, etc. 

2. Provide alternatives for noving experinent weight aft. 

3. Inliibit light source prior to launch. 

4. Ihxivide nechanical drawings by November 15, 1984. 

Mechanical 

R. Burns has agreed to provide anodized experinv^nt sections with pressure 
buUcheads and an aft extension if mjuired. 

PerfonrancG 


There will be no pi*oblems from a performance standpoint with the possible 
exception of ballast to keep altitude to ‘^00 miles. 

Action 

Provide mass properties of launch find recoverabio payload using existing 
lengths and weights. Ziraiier/L\iSC 

InstrunK»ntation 

The instrumentation sj'steni tliat will be used for tliis flight will be 
from 27.053US. Battery power for tlib rigs will be provided by instru- 
mentation. The PC^l will be reformatted and subiiitted to SAG for review. 
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The B/II foed-thru connoctoro my bo hernio.tically sealed as opposed to 
the Gloss type. Tlio P.I.'b GKE will access his equipRiEsrit throuGh tljo 
ITS, and liio umbilical lines v/ill bo throuGli tfio instrumontation 
umbilical, A command system will bo flown. 

Action 


Coordinate required commands ''\th P.I. 
Vehicle 


This will be a 4 fin Nike Black Brant a. possibly use the new aluminum 
igniter housing. 

SPARC5 

The P.I. will require some still to-be determined solar activity and the 
only other launch constraints will be the ETA angles. Pointing require- 
ments to achieve the resolution are such that a rig will be required to 
maintain low roll dilft rates. Other requiremonts such as pointing 
accuracy and limit cycle are well within the SPARCB capaljilities. 


Schedule 


PIC 

Design Review 
Sld.ns to SAO 
Telescope to GSFC 
for calita-ation 
Field Ops 
PIR 
FRR 
Launch 

Contacts 


Conplete 

November 15, 1984 
April 15, 1985 
August 15, 1985 

January 22, 198S 
January 23, 1980 
February 12, 1980 
February 15, 1980 


Science, PI 
Mech 
Elec 

Mission Qiief 
Mechanical 
Performance 
Vehicle 

Instrumentation 
SPARCS/\\'SMl Support 
Scheduling 


L. Golub, 617-495-7177 

G. Nystrom, 017-495-7190 

H. Ptenfield, 017^195-7195 
R. Windsor, 301-344-5871 
R. Burns, X548 

W. Gurkin, X5GG 
B. Ballance, X422 
T. Laugh lin, 408-742-1941 
H. Zinmer, 505-C'?9-9442 
J. Smolinslci, X3G0 


Wallops numbora rnay’ Br- 
and Jiving the oporator 
three digit extension. 


readied coirrnerciaUy by dialing 804-824-3411 
the extension- number...., pn I-Tfl, dial 028-0 plus 
White 8ands my be readied bh Pl'8 by dialing 


890-0442 or 9440. 


/)1 

lUchard M. Windsor 

Attachments: 2 

Distribution: Attendees 

D. Bohlin/ilQ/EZ 
J. Ifoltz/HQ/EZ 
‘l&rly/ip^ 


NIXT PRELIMINARY EXPERIMENT WEIGHT ESTIMATE 


EXPERIMENT 


Telescope Section: 

Pounds 


Primary Mirror Assembly 

41.3 


Secondary Mirror Assembly 

31.5 


Camera Assembly 

15.1 



87.9 


Electronics: 



Electronics 

14.0 


Batteries 

24.0 


Cables, Connectors, etc. 

6.0 



44.0 


Total Experiment Weight 


131,9 

VEHICLE 



Rocket Skin Sections 

116.4 


Thermal Shields 

17.4 


Vacuum Door 

6,5 


Aft Bulkhead 

8.5 


Trim Weights 

5.0 

153.8 

TOTAL WEIGHT EXPERIMENT SECTION 


285.7 Pounds 



AGENDA 

SAG NIXT PRESENTATION 

1. SCIENCE OBJECTIVES 

2. EXPERIMENT DESIGN OVERVIEW 

3. MECHANICAL DESIGN ASPECTS 
ELECTRICAL DESIGN ASPECTS 
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SOLAR CORONAL STUDIES USING NORMAL-INCIDENCE X-RAY OPTICS 
Leon Golub 

SraltItGonlan Ascrophyslcal ObBcrvotory, Canbrldgo 0213B MA U.S.A. 


ABSTRACT 

No describe tlio progress which has boon made in conscruccing a new type of X-ray telescope, 
which operates at nonaal incidence in the soft X-ray region by the use of multilayer coat- 
ings. The principles involved in etate-of-the-ait multilayer technology and some recent 
hlgh-tesolutlon imaslns results are diecuseed. A rocket payload incorporating a multiloycr 
X-ray mirror is presently being constructed. It is of Rltchey-Chrction design and the 
expected spatial -resolution is Ht\ arcsoc. The scientific program for solar coronal studies 
end future inscrumental developments ere also discussed. 

INTRODUCTION 

During Che twenty years in which X-ray Imaging has been used in astronomy, every major 
advance in imaging techniques has resulted in significant new scientific achievements. The 
continued development of grazing-incidence techniques has led to tha great success of the 
SkvIab mlssiona in the Solar case and of the Einstein Obsorvatcry in the case of non-solor 
X-ray astronomy. Optical figuring and polishing techniques have progressed to the point that 
sub-arcsecond imaging is now possible with a large grazlng-lncidcnco broadband system such as 
the AXAF. 

Complementary to tiie progress in grazing incidence imaging has been the development of multi- 
layer coatings which provide usable normal incidence reflectivity at soft X-ray wavelengths. 

As we will describe below, it is now possible to deposit large numbers of layers without 
accumulating slgnlf ant total thickness errors in the stack (Splller /!/, Barbee /2/). This 
breakthrough means that one can now fabricate normal incidence mirrors for use at X-ray wave- 
lengths, down to the limit Imposed by a drop in performance caused by the effects of inter- 
layer boundary roughness at 'v 30 A. The ability to reflect X-rays at normal incidence pro- 
vides an immediate improvement in image quality compared with grazing incidence mirrora 
(Henry et al .) /3/ and the technique is also capable of providing simultaneous modorate 
resolution spectroscopy because the multilayers can be designed to provide quite narrow 
bandpasses. The grazing incidence' and multilayer techniques provide complementary lines of 
development since the high spatial resolution and spectroscopic capabilities of normal inci- 
dence optics are offset by the 'enhanced short wavelength response and broad bandpass of 
grazing incidence optics. At the present time the fabrlcotlon of multilayer coatings for 
normal incidence X-ray optics is in a state similar to that of grazlng-lncidencc techniques 
in tha early 1960's: It has now been demonstraced that normal incidence imaging at X-ray 
wavelengths is feasible and that high spatial resolution combined with moderate reflectivity - 
can be achieved. However, the technique has not yet been used for observations in space and 
it has not yet been developed to the level of quality in imaging which will be achieved in 
the near future. 

Figure 1 provides a visual demonstration of the resolution which has up to now been achieved: 
the row of dots in the picture is a series of exposures through the plane of best focus, where 
each of the ImogOB is of a 0.7 mm X-ray spot at a distance of 1000 feet (angular size "b 1/2 
arcsec). The mirror was a 3" spherical multilayer coated optic, coated to reflect at the 
Boron Kj, wavelength of 67.6 A and the X-ray source was a Boron target. Vibration at the HSFC 
test facility (see 12) kept the measurement limits to the arcsecond level. The production of 
a high resolution X-ray image on film using normal-incidence optics is a breakthrough and 
constitutes a major success for the program. 

We have thus boon able to show that n multilayer coating tuned to a specific well-defined 
wavelength can be produced and verv high quality X-ray Imaging obtained. However, while the 
experimental technique of producing multilayer coatings at a specific desired X-ray wavelength 
is now understood, such mirrors have not yet been used for any astronomical studies. 

In this paper we discuss the present status of the program in which we are involved, whose 
goal is to develop a large aperture telescope for very high-resolution studies of the Solar 
corona. The Solar corona is the ideal target for an Initial application of normal incidence 
techniques: it is characterized by high X-ray photon fluxes in a number of suitable emission 
lines, and is already known to be structured down to the arcsecond level. Furthermore, there 
are cogent scientific arguments for suspecting substantially greater structuring at yet 


eraallor spatial scbIob, bo that there exlots a presslns need for a breakthrough In our 
ability to resolve spatial detail in the corona. We therefore expect to begin answerlns the 
numerous choorotiLial questions which have boon raised by results from Sky lab regarding 
plasma processes occurring on spatial scales which have heretofore not been resolved. 

From this viewpoint, high spatlol resolution observations of the solar corona form a eclcn- 
tlfically Important complement to ongoing diagnostic studies of laboratory plasmas, In which 
the stability properties of hot magnetically confined plasmas are etudled under parameter 
regtniOB rarely if ever encountered In the laborotory. For this reoson alone, subarcsecond 
spatial resolution solar observations are recognized as carrying great scientific Impact, and 
the importance of understanding local transport processes in the solar corona from the astro- 
nomical perspective simply odds yet another compelling reason for csrrylng out this research. 

mTlUYER PERPORMA.NCE AT X-RAY WAVELENGTHS 

Multilayer coatings are widely used in the optical region to fabricate mirrors with enhanced 
reflectivity. These coatings are analogous to a quarter-wave stack, in which the high reflec- 
tivity le made possible by producing e standing wove in the material. In order to avoid the 
rapid absorption of X-rays, a modified quarter-wave stack is produced in which the most ab- 
sorbing layers are centered on tho nodes of the standing wave. The best performance of a mul- 
tilayor coating in the aoft X-ray region is obtained by alternating layers of high end low 
absorption Indices (Splllor /4/) and placing the high absorber at the nodes of the standing 
wave. 

The reflectivity at normal incidence for a single surface is R° (6^+k’)/4, where the complex 
refractive index is n(X) ■ l-(j-<-ik}. For wavelengths in the soft X-rey region of the spectrum 
d 'V k « 1 and R % d*/2 % (nereA*/4ir)*, where ng is tho effective electron density and r^ is 
the classical electron radius. Thus, for soft X-rays R 'v 10"^ so that practical normal inci- 
dence devices cannot be fabricated for work at these wavelengths. 

However, it is theoretically possible to achieve high reflectivities from multilayer eoat- 
ingc. Recent advances in multilayer fabrication techniques (Kaclblch et al . /S/, and refer- 
ences therein) indicate that these coatings will allow the achievement of normal Incldenco 
reflectivities greater then lOX for wavelengths ee short as 44 As described below our work 
has shoun not only that high reflectivities can be achieved but also that exceptionally good 
image quality can be maintained In a multilayer coated mirror. 

The number of layers needed at any X-ray wavelength to achieve a reflectivity R''<30li; increases 

as H « 1/A^; about 60 layers are required for 1“100 X, In practice, it is extremely Important 
to control film thickness in the deposition process such that the accumulated thickness error 
Is a small fraction of the wavelength. This type of nearly perfect thickness control has been 
achieved via an In situ soft X-rny monitoring system (Spiller et al. /!/). With this system an 

error in a deposited layer can be corrected in the next layer so that the number of layers in 

the stack need not be limited by errors in the individual layer thicknesses. Coatings have , 
been fabricated with more than 200 loyers and an accumulated total thickness error below 5 A. 

The imaging perfonnonce of a normal incidence spherical mirror at Che B Ka wavelength of 67.6 
has been tested by Henry et qL /3/. The tests were performed at the MSFC 1000-foot long X- 
ray test and calibration facility. The mirror (manufactured by the Eygo Corp.) was 7,6 cm in 
diameter with e focal length of 5,24 m. The Zerodur blank was figured Co X/100 rms and super- 
polished. A multilayer coating consisting of 124 alternating layers of C and a Re-W alloy was 
deposited directly on the Zerodur substrate. The reflectivity of the coating was monitored 
during the deposition, using N Ka (31.6 K) at an angle of incidence of ti2°. Because of geo- 
metrical constraints, the first round of tests was performed at an angle of 1,®5 off-axis; 
the detector used was the backup High Resolution Imager (Einatein brassboard), a two-dimen- 
sional photon counting Imoglng detector. 

The results of the test are shown in Table 1, in which we compare the performance of the nor- 
mal incidence mirror at l.®5 off axis to that of the Einstein Observatory grazing incidence 
mirror performance on axis; the latter mirror is chosen as an example of the current state of 
Che arc in grazing Incidence design. The data show chat the normal incidence mirror compores 
quite favorably with the Einstein mirror. The test results also indicate a total reflectiv- 
ity of 5-102, the major uncertainty being due to uncertainty in the deteotor'e quantum effi- 
ciency as used in this test. He note also that the figure of 1" for the FHHM of the mirror 
represents an upper limit to the true response, since this was the resolution limit of the 
test setup. 

TABLE 1. Normal Incidence Mirror Ferformance 

Normal Incidence (I.°5 off-gxis) Einstein (on axis) 

FWHM (arcsec) < 1.0 3,4 

502 5.0* 8.4 

702 8^5* 15,2 


’ * Normalized Co detector field of 512 arcsec 


A TELCSCOPB I'0» SOUAft STUDIES 

Wo aro In Clio procoso oil building a normal incldonco X-ray tclcacopo (NIKI) fo vory high 
spatial roaolution studico of cho Solar corona< Tho toloocopo ia u Ritchoy-Chrotion dooign, 
cunalsting of a pair of nirroro with hyporboUc figuro arranged in <i Caouugrain configu- 
ration. After figuring and pollohlng of the optica aro complotei they will bo coated with a 
multilayer dealgnod to provide unable normal incldonco reflectivity at a soft X-ray wave- 
length chosen to coincide with a otrong coronal emisalon lino formed in the 1,5-3 x 10^ K 
tomporaturo range. 

An optical schonaclc of the tolcecopo, which Is presently being fabricatedt Is provided in 
Figure 2. For reasons of thormal stability as well as flnor optical surface quality, It Is 
intended that the mirror substrate material bo Zorodur. Extonslvo costing over cho past 
several years has demonstrated that Zorodur flats can be polished to bettor than 5 il surface 
roughness. Tho desired figure tolerance for cho flight instrument is A/10 peak to valley or 
AMO ms. 

Tho proposed toloscopo will consist of a 25 cm diameter primary and a 5.9 cm socondary. Tho 
radii of cuevaturo are approxlmataly 394 cm and 126 cm, rospectlvoly, and tho EFL of the sys- 
tora is 750 cm. Because of the oxtromoly high spatial rosolutlon which wo are seeking to 
obtain ('V 4 tlmos bettor than the A5000 dlffroctlon limit) , the main support scruccuros foe 
the Instrument will be a large Invar ring holding the primary mirror and a graphite-epoxy 
monocoquo optical bench for positioning of the secondary. Because of cho limited duration of 
a rocket flight, an atherniallzed telescope coll Is not felt to be necessary, and therefore 
the Invar metering etructuro will suffice. 

The design, fabrication, test and assembly of Che toloscopo optics are following conventional 
optical shop procedures for aspheric surfaces. Null lenses will be required for final figvi- 
ring of primary and secondary mirrors, in conjunction with fringe moasuromants on a Zygo 12" 
laser interferometer. It should be noted that because Che telescope is to bo used at a 

Wavelength of about 50 A, the demands on optical figuro are sovorc. Using the talcscopo at 

wavelengths one hundred times shorter than visible demands strict attention bo paid to pre- 
cise figure control throughout the manufacturing process. Also, since the thickness of each 
Interference coating layer pair is of order A/2, the surface finish of the optics must be 
state-of-tho art. 

The detector for this Instrument will be film, since there are no electronic detectors avall- 
oble Which have the required spatial resolution, even with our 7.5m focal lengcit. The film 
which was used for the X-ray instruments on Skylnb was SO-212. This film, or its parent 
emulsion Panatomlc-X Aereographlc (3412), would bo acceptable for our purposes. However, we 
antlclpaco the need for a higher resolving power since the resolution of the NIXT may be an 
order of magnitude better than that of the S-054 or B-OSb instruments. Wo are testing a new 

Kodak product. Technical Pan Film (2415), which has higher resolving power tl’iun 3412 and may 

also have higher sensitivity; combined with the factor of 3 greater plate s::ale of the HiXT 
it will be possible to achieve 1/4 arcscc resolution in tho flight instrument. 

SCIENTIFIC PROGRilM 

Having asssBsed the initial test results for our existing normal Incidence mirror, it is evi- 
dent that true sub-arcsecond spatial resolution is now a realistic possibility in observa- 
tions of tho Solar corona. Wo are thus '’n a position to consider a qualitatively new kind 
of observing program. In this section we propose and briefly sketch some of the most obvious 
new observations, both Solar and non-Solor, which con now be envisaged. 

At the present time we anticipate three major Solar areas in which normal incidence X-ray 
optics will have immediate Impact: 

1, Fine structure of coronal loops . The progress which has been made in studying the 
structure of the Solar corona has served to define a set of questions regarding local energy 
release and mass and energy transport which can be addressed by higher resolution observa- 
tions, These questions may all be grouped under the general heading of heating, structure 
and stability of hot piesma-filled loops observed to be confined by magnetic fields (Fig. 3). 
This general problem of plasma heating and confinement Is, of course, presently being vigo- 
rously studied in terrestrial laboratories by those interested in controlled nuclear fusion 
end many of the same theoretical and instrumental techniques are being used In both fields. 

The situation In the solar coronal case is that ae present theory has too much freedom to 
construct possible models. Present observations ere insufficient to constrain theoretical 
parameters: we do not at this time know the radial temperature and density structure within 
a coronal loop, the rate of magnetic field expansion at the base of a loop, the magnitude of 
coherent plasma flows within the loop, the Importance of rapid, transient heating for loops 
(Shceley and Golub /6/) , and so forth. A major aim of our overall program is to resolve 
these Issues by means of extremely high spatial and temporal resolution X-ray imaging. In 
so doing, this research will contribute not only to our understanding of the solar corona, 
but also of confined hot plasmas in general. 

2, Flare reconnection rcRtona . The area of coronal research which has received the most 
attention over the years and which still seems far from solution is the Solar flare. 


Propoood oipIanotidnBiOChor than nQreolns chat rapid rolonoo of naunoclc onorgy in involved, 
otlll offer a dlocouraBlnBly largo range of poaotblo nochanieraB (boo Sturrock /7/ for o sun- 
nary), Tho Skvlab and SUM oboorvatlona havo provided oone help by ehowing that there nre two 
general claosoe of flaroo, those with largo end dtffuoe loop syotono aoooclatod with crupt- 
Ivo pronlnoncoa auU conpact octlvo rpglon flares with small or unresolved loops, higher 
plasma prosSureo and noro rapid evolution (Pallavlcini, Serlo and Vaiana /8/), Furthornoro, 
obsorvaticno have shown that tho likely sice for particle acculorocion is coronal, and 
that electrons end ions are aceelorated on eBs.r'tlally the eono tine ecalu, controry to 
thooroCleal eupoetationa. 

Tho basic unresolved problem Is the mochanisn of flare energy rcloaso. There is general 
ogroetDonc that tho problem to bo solved involves the storage of energy in coronal magnetic 
fields and tho ropid release of this stored energy in a flare ovont, presumably via mpgnetic 

t reconnection, "Reconnection" involves the dissipation of magnetic flux at a finite rosistl- 

vity boundary layer and the associated conversion of magnetic energy into heat end accolor- 
aced porciclos. These reconnection boundary layers are both at the heart of the flare prob- 

• 1cm end pure theoretical constructs! they hove never been observed, DoesuSo predicted sizes 

for tho associated current layers begin about one order of magnitude below the best spoctal 
roeolutlon achieved to dace, the absence of observational confirmation has not at all con- 
strained flare models, At a resolution of 0.1 arcsec the possibility exists, particularly in 
the larger scale flares, that we may begin to resolve the reconnection region end hence bc> 
gin to constrain available theories for the flare energy release. Furthermore, high resolu- 
tion eoft R-ray images will provide a direct. controntotlnn of recent hydrodynamic flare 
models with the dato, ' 

3. EmerBlnc wsRnetlc flux . A third area of study Is the investigation of small-scole emerg- 
ing (bipolar) magnetic flux. We now know that most of the magnetic flux emerging from the 
Solar interior is in small spatial scale "nhreddod" or intermit tent form, and that magnetic 
flux emergence is assocletcd with vlgorpus ray emission at the emergence site. X-ray obser- 
vations thus provide a very good diagnostic for magnetic flux emergence on the Sun (Golub 
/9/} . Large active regions, although of crucial importance in determining the large-scale 
font) of the corono and the level of activity, represent only a small fraction of the total 
magnetic flux which emerges. The only exception seems to be at times of Solar maximum, when 
the active regions may dominate the omorgonce process. The overall balance between large and 
small emerging regions is a function of pbese in the Solar cycle and Is such thot the total 
amount of flux emerging is nearly constant (Golub /9/}( the solar cycle can thus be visual- 
ized as an oscillation in the wavenumber distribution of emerging flux (Fig, 4). This ob- 
servotional constraint on sol.-tr magnetic cynamo theory remains to be costed on smaller spa- 
tial scalcBi bocause of cIk^ av. u’ent Importanco of magnetic flux emergence on Braali spatial 
scales, it Is of great interest to know whether flux emergence on as yet unresolved scale 
elzes vitiates the present obsorvatlenal picture, -Our observations can thus provide a 
direct answer to these questions. 

An Intimately related problem is whether there are any smaller scale amcrglng fields at all. 
That is, we have not answered the quesclpn, at what scale size, if any, does the emergence 
procese stop. It is certain that at some small spatlol scale length magnetic diffusion will 
dominate, so that the size spectrum of emerging flux will cut off. In addition, the spectrum 
of flux emergence determined by Golub et al , /9/ is such that the integrated contribution of 
small bits of flux increases In importance down to the smallest scale size observed (v 10^^ 
Mx). Hence the shape of the distribution must turn over ac some small scale size and this 
spatial scale is accessible’ to our observations, then we will be able to test directly 
theories for magnetic flux emergence and diffusion on small spatial scales, 

” FUTURE APPLICATIONS 

Although the principal aim of our initial application of normal incidence optics at soft X- 

* ray wavelengths is high-resolution imaging, we emphasize that one of tho moat important ulti- 
mate contributions of normal incidence technology is in the field of high-resolution X-ray 
spectroscopy. This prospect is a natural consequence both of the relatively narrow passband 
inherent in such optics, as Well ss of the inherent optical configuration which, os we shell 
show, is far better suited^ than grazing Incidence optics for feeding spectrographs of ex- 
tremely high wavelength resolution. 

Spectroscopic applications of nultilsyer technology range from the most simple case, In which 
several mirrors are flown at ths same time, each tuned to a particular spectral feature to 
more sophisticated instruments, c,g,, one in which a normal incidence telescope is used as 
a feed for an echelle type Bpectrometer, In this section we describe spectroscopic instru- 
mental developments which we foresee at this time ss being the most promising and productive 
avenues to pursue for tho immediate future. 

Multiple-Mirror NIM 

The notion that spectrographs of fairly high wavelength resolution are essential to perform 
pl-*""ta diagnostics based on, for example, line ratios Is common wisdom ond under most clrcum- 
S.jiiccs entirely warronced. However, an important exception to this rule exists, which 
normal Incidence optics can take adv.lntago of. The BpeeOrura of a coronal (l*c., X-ray 
emitting) plasma in tho temperature range of 1-20 million degrees contains many narrow 


wavolonech Intorvals in whlchi (a) Che number of opoctrol Uno foacuroa per unit wavoionRtb 
Intorvol 18 low, and (b) the cralaolon io virtually i}omplotel\) dotninatod by o email number 
of epociflc tranBitlono ubooo intonoitlco arc charactorlzod by dlfforont depondoncce on 
plaocm tonperaturo, broadband oofe X-ray apoctroacopy hoe taken advantoBo of thin fact for 
eomo Clmo, but ha e boon limited by tho rolatlvoly wide paasbond of typical tranomlsalon 
filter arrangomento of approximately 0,1). 

It lo poooiblo to chooQO wavelength Intervale In tho opoctra of plaema at coronal tenpera- 
turoo Duch that tho mirror bandpaoo tranomloolon at any fixed tomporaturo ie donlnatod by a 
einglo {reaononco) lino. Dy opproprloto ''tuning" of tho bandpaoo, tho contribution of con- 
tinuum cmioolon and other linoo can bo made to constitute a very email fraction of tho total 
bandpass flux. Thus, by taking advantage of epareoly populated wavelength intorvolo in tho 
opoctra of coronal plasma and then matching the bandpass of tho normal incidence optics to 
the wavolongch oxtent of thooo spectrum intervals, we can obtain a level of spectral isola- 
tion of aoft X-roy linoo more commonly aseoclated with hlgh-resolutlon spectrographs such as 
transmission or rofloctlon gratings, but with far greater effective arco. If one now 
employs several normal incidence mirrors, each "tuned" to a different wavclengch interval in 
which the emission is domlnstcd by a single lino, it is chon possible to measure line ratios 
with a minimum of contaminating omission. The omisslvlty vs. coronal temperature for three 
candidate bandpasses is shown in Figure 5, 

Extremoiv HiRli-Rasolutlon Spectroscopy 

It goes without B&ylng that most of the techniques developed for hlgh-rcsolution spectroscopy 
with grazing incidence optics can bo readily applied in the normal incidence case. For 
example, objective gratings (with A/Al c/ 100-1000) can be readily adapted ti our optical 
geometry, with the considerable advantage that grating fabrication is olnpliflcd by loss 
stringent optical constraints. For example, the requirement for cpma-corrected transmission 
gratings in the grazing incidence case no longer applied. Of considerably greater interest 
in the long term, however, is the possibility of conducting spectroscopy with wavelength 
resolution of tho order of AMX> 10,000 or more, e.g. , with resolution which begins to be 
comparable to that enjoyed by optical asttonomers, At this resolution it becomes possible, 
for example, to measure line dopplcr shifts for X-ray emitting plasma moving at the modest 
velocities expected in stellar atmospheres and to determine detailed line profiles. 

For our present purposes, the essential element of, e.g., an echellc spcctromeCcr design is 
the requirement for two distinct nested grazing Incidence tcleBcopes: the first being the 

imaging telescope, which focuses the source onto the entrance slit of the spectrograph 
proper, the second being the collimator, which is necessary to produce the parallel beam fed 
to the echelle gratings. Such telescope/spectrographs thus require at least four grazing 
Incidence reflections before the beam arrives nt the echelle gratings. The key point of our 
normal incidence telescope design is that only two reflections arc necessary; by placing 
the spectrograph entrance slit at the focus of the normal incidence primary mirror, a 
second normal incidence mirror behind the slit can he used as . collimator, analogous to 
conventional echelle spectrogrephsi the major edvan.c^e of tt>is design over the corres- 
ponding grazing incidence case is the substontlaily simpler optical train, while the elimi- 
nation of two grazing incidence retiectiona largely compensates for the lower reflcctiqn 
efficiency of the normal incidence mirrors. For extended objects, the normal Incidence 
design also allows one to maintain high .patlal resolution along the slit, as is achieved in 
the HRTS Instrument of NRL. 

This work was supported in part by NASA under grant NAGH-397. travel to the COSPAR meeting 
was supported by tho Smithsonian Secretary's Fluid Research Fund. 
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Fig. 1. A seriefl of x-wy Images through tho plaoe of best focus, taken with the 
prototype normal Incidence x-ray telescope (KIXT), Images are of a Boron target, spot 
siso 0.7 mm, et a distance of 300 ms emission Is at the B K lino, 67,6 8. .-aJlatlon, 
Arrow points to best-focus spot. “ 



Fig, 2. Optical schematic of the NI3CT rocket Instrument, a Rltchey-Chrotlen x-ray 
telescope with 10" primary and expected spatial resolution of 1/4 arcsec. 




Fig. 3. Fine structure of coronal loops as seen by the S-05A xray telescope on Skyleb. 



Fig. 4. Solar cycle variation in emergence rate of anjall-scale magnetic fields, as 
determined from the number of x~ray bright points and from simultaneous magnetograros. 
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Fig. 1. A ••rlvN of n-r«y isagat through ths of bottt focus, laksn wltn th« 

prototyps norMl Incidence i-ray telescope (KIXT). laages are of a Boron tare spot 
size 0,7 ng, at a distance of 300 n; emission Is at the B R line, 67.6 X. radiation. 
Arrow points to best-focus spot. “ 
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Fig. 2. Optical schematu of the HIXT rocket Instrument, a Rltchey-Chretlen x-ray 
telescope with 10” prlswry and expected spatial resolution of 1/A arcsec. 
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